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Final Progress Report - Interactions of Neuromodulators with Cells of the Immune System
(N00014-87-0027) D.A. Chambers and R.L. Periman

INTRODUCTION

The long term objectives of this research are to understand the molecular
mechanisms through which "stress" affects the immune system. A variety of studies have led
in recent years to the appreciaticn that molecules associated with the "stress" response, such
as catecholamines, can have profound effects on immune function. Indeed, a new
interdisciplinary area of research, termed neuroimmunology, which studies interactions of
the nervous system and the immune system is emerging and two new journals (Brain,
Behavior and Immunity and The Journal of Neuroimmunology) have been founded to report
on specialized research in this area. For references, see the enclosed manuscripts. Based
on recent studies performed during the tenure of this grant (see enclosed), the continued
direction of these studies is the definition of the loci of action and the molecular
mechanisms through which norepinephrine and associated molecules exert their effects on
the immune system.

COMPLETED STUDIES

In recent years, Drs. Chambers and Perlman have formed a collaboration to study
the effect of neuromodulators on immune function. This interaction grew out of Dr.
Chambers’ interest in immune regulation and cyclic nucleotides and Dr. Perlman’s interest
in the function of the medulla and the sympathetic nervous system. Initial experiments,
performed utilizing a mouse lymphocyte serum-free culture system, allowing for precise
definition of the extracellular environment, revealed that norepinephrine (NE) inhibited
mitogen, antigen and cytokine stimulation of both T cells and B cells (see enclosed paper
#1). Additional studies have suggested that although NE inhilits both T and B
lymphocytes, the mechanisms through which NE-mediated inhibition occur probably differ
in the two populations. Thus, cyclic AMP (cAMP) inhibits 7 cell proliferation, implying its
use as a second messenger for NE action on the T cell, but the absence of a similar cAMP
effect on B cells argues that NE-mediation of B cell proliferation could arise from cAMP-
independent mechanisms. Pharmacological studies in our laboratories have shown that NE
action on T cells is not inhibitable by a-adrenergic antagonists making it likely that NE
transmits its effects through the g-adrenergic receptor, known to be present on both T and
B cells. Of interest and unexpectedly, NE action on lymphocytes could not be blocked by
the classic antagonist of the B-adrenergic receptor, propranolol. Nor could such action be
inhibited by antagonists of the B,, B, or B, species of the B-adrenergic family, perhaps
imglying the presence of a new receptor or altered receptor specific to lymphocytes.

In order to more specifically define the interaction of NE and cAMP in T cells, we
made use of a mouse-derived T cell lymphosarcoma cell line, the S49 cell and S49 cell
mutants unable to synthesize cAMP (AD CY") or unable to utilize the cAMP-dependent
protein kinase (KIN A"). NE inhibited wild type cells but did not affect the AD CY" or KIN
A" mutants, suggesting that the NE-mediated inhibitory effect in T cells is modulated
through the cAMP-protein kinase system. Propranolol, as with normal T cells, was unable
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to antagonize the NE effects in 349 cells. In addition, we have utilized these same cells to
show that NE and cAMP down-regulation of the Thy-1 gene (a gene specifying Thy-1
protein, a cell surface molecule expressed on lymphocytes and on brain cells) is also
mediated through the cAMP-protein kinase A system; allowing us to study not only NE-
associated cellular events but also NE-associated gene regulation. The use of these somatic
cell mutants in this proposal will continue to provide us with powerful tools allowing
dissection of some of the parameters of NE control, both at the cellular and gene level.
Recent very preliminary studies in normal T cells suggests that NE may also down-regulate
expression of the oncogene c-myc during the lymphocyte activation process, revealing the
possible association of NF with the control of oncogenes.

During the course of our experiments, our mouse colony became infected with
murine hepatitis virus (MHV) affording us the opportunity to study the effects of MHV on
NE regulation of immunc¢ function (see paper #2). The ensuing investigations revealed that
MHY infection led to diminution of mitogenic responses in spleen T lymphocytes but had
no effect on either thymocytes or spleen B lymphocytes. MHYV also totally ablated the NE
regulatory loop in spleen T cells without affecting the other populations of lymphocytes.
Interestingly, the viral effects on the immune function were evident much before detection
of virus by serology. Knowledge of the specificity of the virus, both in terms of the affected
cell and the particular NE regulatory loop, may prove important in understanding viral-
neuroimmune interactions.

Most recently, utilizing a murine model system for anti-tumor immunity (MOPC 315
system) we have extended our studies of the relaiionships of NE to immune surveillance
mechanisms in the control of anti-tumor immunity (see enclosed paper #3), an area of
increasing importance 0 hoth the generation of neoplasia and its treatment. Here too, NE
behaved similarly to v ubscrvations with spleen and thymic lymphocytes in that it inhibited
the ability of immune cells to mount an anti-tumor response. In this case, also, propranolol
did not block the NE effect.

In addition to the studies with the imieoune system, we also investigated effects of NE
on keratinocytes in culture. In contrast to parallel studies with lymphocytes, addition of NE
to cultures of keratinocytes appeared to enhance their proliferation. Recent studies
suggesting the presence of nerve endings ending in the epidermis, taken in conjunction with
these stadies, suggest that neuromodulation may play additional roles in the regulation of
epidermal homeostasis.

Finally, we expanded our studies of the effects of NE and associated molecules to
include investigation at the level of the gene. Accordingly, we examined the effects of NE
and cyclic AMP on the regulation of the Thy-1 gene and its gene product, Thy-1 protein.
Thy-1 protein is a member of the immune super gene family and although its function
eludes us, Williams (J. Theoret. Biol., 98, 221, 1982) has suggested it plays a role in specific
cell recognition. In our studies, addition of NE and/or cyclic AMP led to down regulation
of Thy-1 protein in chromaffin cells (PC 12 cells), keratinocytes and lymphocytes (Chambers,
et al., in preparation). When such studies were carried out in S49 T cell lymphosarcoma
cells, only the wild type cell responded to cAMP, whereas the cyclic AMP-dependent protein




kinase mutant lost its ability tv regulate Thy-1. Further studies, utilizing Northern blots,
revealed that cAMP and presurnably NL regulation of Thy-1 protein expression is at the
level of gene transcription and most likely requires a trans-acting phosphorylated protein
factor for negative contrul of gene expressicn (S. Lancaster and D.A. Chambers, in
preparation, 1991; S. Lancaster, MS Thesis, Department of Biochemistry, University of
Illinois at Chicago, 1991).

In summary, studies carried out during the tenure of this grant have revealed:

1) NE inhibits lymphocyte activation in the G1 period of both T cells and B cells
and this inhibitior is not antagonized by classical 8-adrenergic receptor antagonists.
NE modulation o. lymphocyte activation may differ in T and B cells, and that T cell
modulation occurs through a cCAMP axis in conirast to B cell modulation.

2) NE inhibits the proliferation of normal S49 lymphosarcoma cells but not of either
adenyl cyclase mutants or cAMP-dependent protein kinase mutants, supporting the
presence of a phosphorylated protein regulation molecule. g-adrenergic antagonists
could not reverse this effect.

3) NE inhibited the ability of lymphocytes to mount an anti-tumor response in the
MOPC 315 syngeneic tunor model system and this inhibition was resistant to the
addition of g-adrenergic antagonist.

4) In contrast to its effects on lymphocytes, NE stimulated the proliferation of
neonatal mouse keratinocytes in culture.

5) Studies at the gene level revealed that NE probably modulates down-regulation
of Thy-1 gene expression at the level of transcription through a phosphorylated
protein regulation.

6) Infection of BALB/c mouse colonies with murine hepatitis virus (MHV) led to
the marked inhibition of spleen T cell activation, but not spleen B cell activation a
thymic T cell activation and the total ablation of the ability of NE to modulate the
spleen T lymphocyte response.

In conclusion, the studies we have briefly outlined above, supply a foundation for
further studies of the mechanisms of action that underlie the modulating effects of
catecholamines on immune functions. They suggest experiments which will establish new
insights into the inter-relationships between the immune system and the nervous system,
potentially providing a molecular mechanistic framework for the molecular and cellular
reactions which underlie the "stress” response and its relationship to pathology. Additionally,
the knowledge gained from these studies could open new avenues for the design of
molecular therapeutic approaches leading to rational therapies for stress-associated diseases.
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, B izalogical Response Modifier Effects on IL2-Mediated Lvmphocyte
Activation. R,.HAYDEN*, P.S,JACOBSON, R,L.PERLMAN and D.A.CHAMBERS.
University of Illinois at Chicago, Chicago, IL 60612 i

L e

The regulation of immune cells in the periodontium has received increasing atten-
tion in recent years. Interleukin 2 (IL-2) is a lvmphokine (secreted by T
lymphocytes) which functions in the control of lymphocvte activation. These
studies investigate the effects of biological response modifiers, previously
related to lectin-mediated lymphocyte activation, on IL2-mediated lymphocyte
activation in a serum and protein-free system. Previous studies in this labora-
tory revealed that cyclic AMP (cAMP), minoxidil and norepinephrine inhibit ConA-
mediated lymphocyte activation. These experiments test the effects of these
biological response modifiers on IL2-dependent lymphocyte activation. Mouse
spleen cells were obtained as previously described (Cell 3 375, 1974) and
cultured in microtiter plates in RPMI-1640 at 37°( in a humidified CO, atmosphere.
Addition of 500 units of recombinant IL2 to 8x10” cells resulted

in a 60-100 fold increase in (3H) thymidine incorporation into acid-precipitable
DNA (eg. 1000 cpm vs. 100,000cpm), commencing 24 hours after IL2 addition. 1IL2-
lymphocyte activation showed similiar time courses and stimulation indices as
ConA-lymphocyte activation. Addition of 5x10™%M dibutyryl cAMP, 10ug minoxidil or
8x1075y norepinephrine markedly inhibited IL2 activation (95%, 50% and 60% respec-
tively) and showed similar effects in a ConA-activated system. These results
show: 1) serum-free lymphocvte systems can be used to study the complex interac-
tions between IL2 and biologic response modifiers and 2) suggest that the inhibi-
tory effects of cAMP, minoxidil and norepinephrine occur at points distal to IL2
interaction in the lymphocyte activation cascade.
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Biological Response Modifiers and IL2-Mediated Lynphocyte Ac-
tivation. D.A. Chambers, R. Havden, P.S. Jacobson, R.L.
Perlman. University of Illinois at Chicago, Chicago, IL
60680. )
Interleukin 2 (I1-2) is a lymphokine (secreted by T lympho-
cytes) which functions in the control of lymphocyte activa-
tion. These studies investigate the effects of bioclogical
response modifiers, previously related to lectin-mediated
lymphocyte activation, on IL2-mediated lymphocyte activation .
in a serum and protein-free system. Previous studies—in ‘this _
laboratory revealed that cyclic AMP (cAMP), minoxidil and
norepinephrine inhibit ConA-mediated lymphocyte activation.
Balb/c mouse spleen cells were obtained as previously de-
scribed (Cell 3 375; 1974) and cultured in microtiter plates
in RPMI-1640 at 37°C in.a humidified CO, atmosphere. Addition
of 500 units of recombinant rat 1L2 to 8x10° cells resulted in
a 60-100 fold increase in (3E) thymidine incorporation imto
acid-precipitable DNA (eg. 1000 cpm vs. 100,000 cpm), com-
mencing 24 hours after IL2 addition. ILZ-lymphocyte activa-
tion showed similar time courses and stimulation indices as
ConA-lymphocyte activation. Addition of 5x107 M dibutyryl
cAMP, 10ag minoxidil or 8x10~5M norepinephrine markedly in-
“hibited IL2 activation (95%, 50% and 60% respectively) and
showed similar effects in a ConA-activated system. These re-
sults show: 1) serun~free lymphocyte systems can be. used to -
study the complex interactions between IL2 and biologic re-
sponse modifiers and~2) suggest that the inhibitory effects of
cAMP, minoxidil and norepinephrine occur at points distal to
IL2 interaction in the lympbocyte activation cascade. -
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benzodiazepine (B2) treatment. Altered GABA function may

esult from uncoupling of GABA and BZ binding sites, reflec-
ted™iq a change in GABA facilitation of BZ binding? Rats
were chhapically treated 4 wk with FZP in the drinking water.
Regional b™iin dissections were made from chronically treated
rats, matchedN\gontrols or acutely pretreateg/rats (10 _mg/kg
diazepam; DIP) and stored at -70°C. The effect of 1075 GABA
or 104 bicuculline~gn 3-250 rM DZP inhifition of 1 nM [3H]
Ro15-1788 binding was eyaluated in cprtex (CTX) hippocampus
(HIP) and striatum (STR)™N{n a lysgd, .X washed P». There
were regional differences in~NQZP Algqp (CTX, 53.4: HIP, 42.9;
STR, 37.0). Neither acute nor 2Rronic treatment affected DZP
1C5q, or the GABA or bicucu i9e <~ift4 Stimulation of 0.5
nM ?]unitrazepam binding by 10"/ to IO GABA was measured in
2X frozen/thawed, 3X washed membranes om CTX, HIP, STR,
midbrain (MBR) and ¢€rebellum (CRB) of daotrol and 4 wk
treated rats. Thete were small regional Wifferences in
maximal stimulatjifn by GABA in control brains Chronic
treatment had nd effect in CTX (33.8 & 5.8% vs 31.1N\¢ 4.9%)
or HIP (35.1 4 2.6% vs 35.7 2 2.3%). A small increage in
stimulation/was seen in STR (36.8 + 1.5% vs 41.7 & 0.8%)\3nd
CRB (39.9% vs 43.8%). GABA stimulation in midbrain decreasq
(30.3 2% vs 2]1.0 £ 1.6%).

Sypported by NIDA grants DA04075 and DADZ2194.

Fasen I, A3, 1988.
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NOREPINEPHRINE MODULATION OF T AND B-CELL PROLIFERATION.
J. Cook-ifills, P Jacobsca, R. Periman® and D.A. Chambers.
Univ. of Illinois at Chicago, and Univ. of Chicago, 60€12.
Neurotransmitters have recently been implicated in the
immune response. These experiments examined the in vitro
effects of norepinephrine (NE) on T-cell and B-cell prolifera-
tion. BALB/c mouse spleen or thymus cells were cultured in
serun-free RPMI 1640 for 48 hr. DNA synthesis was assayed by .
the incorporation of (°H)thymidine for 4 hr into DNA. NE (10'D
M) inhibited splenocyte proliferation (50% of controls, 97,000
vs 200,000 cpm) or thymocyte proliferation (50% of controls,
32,000 vs 62,000 cpm) in respvonse to the T-cell mitogen, ConA
(lug/ml). NE also inhibited LPS (2 B-cell mitogen, 12ug/ml)
stimulated proliferation in splenocytes (50% of controls,
14,000 vs 31,000 cpm) and 6-8 week old BALB/c nude mouse
splenocytes (58% of controls, 5,000 vs 9,000 com). Inhibition
of proliferation was observed when NE was added 0-20 hr after
ConA or LPS addition. NE also inhibited (3H)thymidine incorp-
oration by nonstimulated splenocytes. Cell viability was 70-
100% in all experiments. Others have related = responses to
cAMP, Dibutryl-cAMP (5x10-2M) inhibited (11% f controls)
cell proliferation when added 0-8 hr after ConA addition, but
did not inhibit LPS~-mediated proliferation by cells obtained
from nude or normal BALB/c mice. These results suggest that NE
inhibition of lymphocyte activation occurs through 3 cAMP-med-
iated mechanism in T-lymphocytes and through other mechanisms
in B-lymphocytes.
Supported by ONR N00179.
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Wednesday, Membrane Proteins (3156-3186)

J. Cell Biol. 107 (Dec 1988)

3156

Phosphatidyltnosito) Specific Phosoholipasels) €. A, Dhar 4
2.0. Shukla, Department of Pharmacology, University of Missoyhi,
Schoo! of Medicine, Calumbia, MO 65212,

We examined whether surface glycaprotein(s) of human platfiets
A be released by phosphatidylinositol specific phospholi

(Rlase C) treatments. huzan blood platelets were isolated Py low

;H ed centrifugation and surface ?choprou .« vere Tabellgd with
borohydride. Intast surface ladbelled p!.ivlets were freated
widh Plase C tsolated from . (SA) or

(BT). The relaased soludle componsits were geparated

by SDS-PAGE under reduced conditions and the pratein -atthrns were
obtained by fluorography. The regions of the gcl corrasfonding to
radidactive bands were cut out, dissolved In perchlori
unted. This study revealed that there was 2 ignificané
of a specific glycoprotein of M, - 150 K {1 *hf medium due
to Plage C treatment. In the course of this s'u'y,/it was also
that prolonged fncubation of platelets in 0f35 M sucrose
medium Y1so caused release of this protein. We thcr"orc depleted
NaCl coAcentrations in the medium, gridually, withla ..ncomitant
fncreasel {n sucrose concentrations and abserved that depletion of
NaCl alsd affected the release of this glycoproteinfin the medium.
Thus sodiym depletion in the medium perhaps causes fctivation of an
Plase C which also cleaves the Pl afichored to this
In conclusion, it {s suggested that the ¥, - 150 K
is anchored in human platel membrane via
phosphatidykinositol. (Supported in part by NIY grant DK 35170)

Do L\Cells Fail to Expyess
z rotel

hos=

. ase
edicine, 2085

. f n,,an
estarn Resarve Unlversity Schosllo
Adelbert Road, Cle lané YOH 4410
Mouse L cniis (IN-TK"f 8 do not
express on their surfacs the norzysll 1yco§hes-
pholipid (GPL)-~anchoked groteln. Ly&E. 1.
gcnos or cONAs encodiXig any of sav
ins’ (N~C. te

nchored membrane prote a, . e
ectad InEo R cells, sfabre s tSinants
secrate the cggrnqund agtgrot‘ ns and do not

e r ce. { To analyze the
of this "anchor g ¥

»
"
.
(34
"
»
=4
"
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defedgt " pair-wise

with PEG) were d betwesn L cells
and recessive mouse Thy nufants of classes A-F

Hyman) and BW1,2\ (frog K.Rock; BWl.2
complements classes A-F) Trans) ¢nt heterokaryons
waere exanined for surfacd exgressiun of Thy-1 and
L;s attef 24 hrs. bx amusofiuorescenca. berids
of L cells and class A, B\ Q, E, and . .
&x rezs both surface ant ? s. Hybrids with ciass
D [which does not synthes Thy-1) express only
LI . When the -1" mutargk, TIM1-C, wag treated
with the demethyl txng ug; S'-azacytidine, 10-15%
of the cells becane T x~ ei ays. L cells
falled to cxgrcss LYy6 tf imilar treatment. We
conclude that the anchoridg fect in L cells is
recessive and distinct frgm that of lymphoma
mutants. The dctzct appears t to result Irom
gena overnmsthylation.

=Supported by NIX grantg.
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3160 Mouse Ld Antidens in flvcosviarion-defdcrive CHO: A Svstem
for the Studv of the Effect of Glvcosvlation on kxpression and
Lateral Diffusion of Yembrane Clvcuproteins. 5. €. Barbour and

M. _Edidin. The Johns flopkins University, Baltimord, MD 21213.

The mouse L4 anfigen is N-glycosylated on each of three
external domains. uorescence Photobleaching Recolery (FPR)
studies have shown fhat diffusion coefficients (D) fyr Ld mutancs
lacking one or mory of their N-linked glycosylatfon ftes are
greater than for
of glycosylation.

These data indicate that carbohydrale sofecies
can constrain the lateral diffuston of L4, This constra\ac could
be dediated by the interactions of cthe L3 molecules wit
glycosylated mofeties on the cell surface. To approach

ovary cells (CHO) with vitlous defects in
linked glycosflation. Cell surface expression of the Ld
vas evaluatedf by flow cytometry. Wild type CHO expressed the wild
typle L9 molfcule at levels comparable to those of the trandfected
CHO asutants with reducsd sialylacion o
cumplex carfohyd.ate or an overall reduccion {n complex carbdhy=
sed glycosylation~negacive Ld mslecules ac higher
the wild type CGHO. In all cases, expression of th
wild tvpefld was lower in the CHO mucancs. breliminarv FPR dac

least offe mucant CHO cell line.

55%
157 Release of Laukotriene D‘ Ripeptidase from Lung
brane by Phosph -spacific Phospholipssa C.

Campbell, S. P. Baker, §. D. Shukls, L. J. Forpester
hler, University of Missouri, Columbia, Mo.

sheep lung tissue vas homogenized in 0.3)
uffer at pH 7.5. The resulting homoge

50 M Hepe

31,000 g for 1.5 he.
Hepes buffer at pi 7.0
specific phospholipase C
aureus. The telsase of leyl
by spectrophotometric procedur
alanine as the assay substrate.
enzyme against leukotriens D
production of glycine from ¢t

taken up in 10 M
sphatidylinositol-

g glycyldehydrophenyle

e activity of the released
tarmined by messuring the
ptide leukotriens by
id with phenylisothio-
chromatography.

units/sl at 37°, a gpddusl release of leukotriqne 0, dipeptidase
occured reaching s Xeval of 83% solubilized in RNhes. The

ptidase vas shown to depend up
o the incubation mixture with 852
its PI-PLC/ml over 2 hrs.

J.Cel) Bidl. 10671:559a,, 1983,

3159 Modulation of Thv-l Protein Expression in Murine Lvmoho-
cvees and Eoidermal Cells, DA Chamhers, RL Cohen, J Cook-Mills
and ?s Jacobsen. Univ. of Illinois at Chicayo.

Thy-1 is a cell surface glycoprotein (immunoqlobulin sucer-
gene family) expressed in the mouse bv Tecells, nerve, fibro-
blasts and epidermal cells (EC), The funczion of Thy-1 is
unknown, but it is thought to play a role {n intercellular
cemmunication. These experiments were desianed to investigate
medulation of Thy-1 gene expression in lvmphocvtes and EC by the
requlatory molecules CAMP and norepinephrine (NE). Eonidermal
cells and spleen cells wazre harvested from BALB/c mice and
incubared Ln_§PMI 1640 in the oresenge and absence of ckfg
(5x%07"M, 107°M), cholera toxin (10 M) or NE (10”°#, 10" °M). E£C
were cultured up to 10 davs in the presence of 138 FCS, and
lymphocytes were cultured for 2 davs in serum-free media. Cells
were then incubated with FITC labeled arti-Thy-1.2 Ab and orepared
for immunoflucrescence microscopy or FACS. When comcared to their
untreated counteroarts, treated IC and lymphocytes showed as much
as SOM reduction in Thv-l expression (EC: untreated 2-7% vs
treated 1-1\: lymphocvtes: untreated 40V vs treated 29%). In
lymphocytes decreased Thy-l exnression correlated with inhibition
of rasponse to the mitogen ConA. These studies suggest that cAMP
or NE modulation ¢f Thv-l gene exoression may have sianificance in
signal transduction in both the izmune system and the skin.
Supported by HHS arant AM33067.

LH Craf U'r, % X
Ilitnots at Chicago.
Analyses ud ng recombinant probes sre fyéilicating molecular

characterizacion £ the distributions, moduylacion, structures and
possible functions of tumor-associated anyfgens. Interspecific

lones for genes specifying
) described by S. Ferrone
Valhalla)s "96K MAA" and

"l100K MAA."  Each MAA L9 pref
cells, has limiced discribution
by lymphokines,
epidermal cells {n culture wva
rosetcing 8994y to detect
adulc epldarnal melanocyte
i{n the absen.« of taducer

(17), ac £2502after 23 d exposure to
tamune incerferos (7f4<{4f, 200 units/al, a

at £>50% after 2-3 d
20 ng/ml (neonatal

melanocytes only). onatal end adulc keratin
MAA st £C1% (L7) ang/ac £o5-10% (IFN-¥).
keratinocyces exprdss 100X MAA act £350% (L"), (n ¢

grovth La Lulcure. Supporced by NIH granc CA44107.
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REGULATION OF THY-1 PROTEIN EXPRESSION IN MURINE EPIDERMAL CELLS,
LYMPHOCYTES AND PC12 CELLS. DA Chambers, RL Cohen, J Cook-Mills and
PS Jacobson, Univ. of 1llinois, Chicago, IL.

Thy-1 is a cell surface glycoprotein (immunoglobulin supergene
family) expressed in the mouse by T-cells, nerve, fibroblasts and
epidermal cells (EC). The function of Thy-1 is unknown, but it is
thought to play a role in intercellular communication. These experi-
ments were designed to investigate modulation of Thy-1 gene expression
in lymphocytes, EC and PCi2 cells by the regulatory molecules cAMP and
norepinephrine (NE). Epidermal cells and spleen cells were harvested
from BALB/c mice and igcubated in RPMI 1640 in the pgesence and o
abggnce of cAMP (5x10 'M, 10 "M), cholera toxin (10 "M) or NE (10 ™M,
10 "M). EC and PCi12 cells were cultured up to 10 days in the presence
of FCS, and lymphocytes were cultured for 2 days in serum-free media.
Cells were then incubated with FITC labeled anti-Thy-1.2 Ab and
prepared for immunofluorescence microscopy or FACS. When compared to
their untreated counterparts, treated EC, PC12 cells and' lymphocytes
showed as much as 50% reduction in Thy-1 expression (EC: untreated 2-
7% vs. treated 1-3%; lymphocytes: untreated 40% vs treated 29%). PC12
cells cg{sured in the presence of either the 7S (2x10 ""M) or 2.5S
(7.7x10 ""M) component of NGF express Thy-1. Treatment with cAMP,
cholera ftoxin or NE results in a reduced, atypical pattern of Thy-1
expression compared with controls. In lymphocytes decreased Thy-1
expression correlated with inhibition of response to the mitogen ConA.
These studies suggest that cAMP or NE modulation of Thy-1 gene expres-
sion may have significance in signal transduction in both the immune
system and the skin.
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R HEPATITIS VIRUS (MH
f NOREPINEPHRINE (NE) INHIBITION OF T-CELL BUT NOT B-
CELL PROLIFERATION., ], Cook-Mills, R, Periman® and D.A,
Chambers. Univ. of IL at Chicago, and Univ. of Chicago®, 60612.
NE is an immunomodulator in nervous-immune system

communication. These experiments studied the in vitro effects of NE
on proliferationof lymphocytes from BALB/c mice periodically
infected by natural outbreaks of MHV at our institution. MHV it &
common viral infection of conventionally housed mice. Murine serum
anti-MHV antibodies were detected by ELISA. Spleen cells were
cultured in serum-free RPMI-1640 for 48 hours followed by
incorporation of *H-thymidine for 4 hours. Reagents used were the T-
cell mitogen Concanavalin A (ConA, C.Sug/ml), the B-cell mitogen
lipopolysaccharide (LPS, 12ug/ml), NE, and the second messenger for
NE signal transduction in T-cells dibutyryl(DB)-cAMP (5x10“M). For
noninfected mice, NE (106*M and 5x10°M) inhibited (90% and 50%,
respectively) ConA- and LPS-stimulated spleen. cell DNA synthesis.
DB-cAMP inhivited (78%) ConA- but not LPS-stimulated DNA
syntbesis. In contrast, for MHV-infected mice, NE (10*M) inhibited
(90%) LPS. but not CorA-stimulated spleen xell DNA synthesis.
DBcAMP had no effect on ConA- ur LPS-stimulated DNA synthesis
for MHV.infected mice.  Furthermore, ConA-stimulated DNA
synthesis by spleen cells from MHV-infected mice was 50% that for
nonjufected mice. These studies suggest that the'mechanism of MHV
immunosnpgression is primarily confined to T-cells and may act via
the NE/cAMP axis. (Supported by ONR N00179) .

042
ERPRESSION OF THR CHORIONIC GONADOTROPIN S CHAIN GEBNY BY

ACXIVATED HUMAN LYMPHOCYTRS. .I. Dillgn. B.M, Gebhaxrdt /R.D
B n nd R._ B ock. Dept. Physigdogy &
Biopyysics, Univ. Alahama at Birmingham, AL 35294.

e purpose of this study was: (1) to confirm thet the (G
gene Vas transcribed in activated lgmphocytes and (2) tn
compary the lymphocyte-derived CG cDNA sequenge to the
placentyl CG nucleotide sequence. Human peripleral blood
lymphocyite mRNA was used fcz selective fixst /strand cDNA
synthesiy using an oligonucleotide primer complementary to
the 3' e}d of placentsl CG # mRNA., The tion products
from firsy strand cDNA synthesis were used #n a polymerase
chain reackion (PCR) to amplify the CG # cDNA/using synthetie
cligonicleotide primers complementary to tht 5' and 3' ends
of the placextal CG sequence. The PCR reacfion products were
subjected to § Southern snalysis using a ’/P-labelled placen-
tal CG § probd, 1The results of this anafysis showed “hat an
appropristely ed DNA (700 bp) s present in the
lymphocyte-derived PCR products and in/ a CG secreting cell
1ine (JAR). DNA\sequence anulysis is/currently in progress
- to determine the \degree of homology /between the lymphocyte
' and placental CG. Che results of this study should establish
k. that activated hulgn lymphocytes/ express euthentic (G.
f Production of CG by allosntigfn-stimulated lymphocytes
. surrounding the blasdpcyst may Jfave important effects in
modulating the materna) immune yesponse and in providing s
biochemical signal for Blastocysf nidation.

2044

\THE DISTRIBUTION OF XN GENE RELATED PEPTIDE
N THE THYMUS: AN QCHEMICAL AND IN SITU
HYBRIDIZATION STUD K. B Hausman

ancon#

*Salk
fego,

Calcitonin /gene related peptide (CGRP) is
thown to block fon A induced T cdll proliferation.

a first stfp in determining Xhe role of this
ptide in T dell development and function we have
tudied the distribution of CGRP W§{thin mouse and
at thymuses/and spleens utilizing \mmunochemistry
The regults of this

ox 52121,

to the corticomedulla
tfo the vasculature with branches emanating
¢ e/ cortical and medullary regipns. Sonme
ibers Are invested in the arteriekX but the
pjority form varicosities among the cells of the
ymus./ CGRP is also found in a discrete population
£ cel)s located at the cortico-medullary\boundary
vell as in subcapsular and trabecular mnast
In situ hybridization confirms that two
pu)Yations of thymus cells synthesidg CGRP -
sanger RNA in the thymus. Little to no CORP was
sgrved in the nerves or cells of the sileen,
} tindings confirm the biochemical analys\s of
P carried out by Niisson, 1989.

2041

BIOCHEMICAL AND FUNCTICNAL CHARACTERIZATION OF THE MU-OPIo:
RECEPTOR BINDING SITE (N CBLLS OF THE IMANE SYSTRN.

ook, * . xr.*  ‘Univ. Muenster Ned,
neter, FRG: IH, NIDDK, Bethesda, MD 20892;
bene at Birmirghem, . AL 35294,
large body of evidence has accumulated with reg
the\imwnomodulatory role of opioids. Thersfore, an invgdgti-
gatitn vas conducted in order to characterive the functfiong)
and Djochemical properties of the mu opioid receptor
site On cells of the impune system. Using the mu-seYective
Ugand) [*B)-2-(p-ethoxybenzyl)~1-diethylaminoethyy-5-14¢-
thiocyadgtobenzimidazole (BIT), the specific ip situ
of & prodein with a Mr of 58 kD wes observed on cells
and brain sue as determined by polyacrylamide gel/electro-

Ind i

phoresis dpd asutoradiography. The binding is &fetrity
evenly amon} B~ and T-enriched populations. In tion,‘::
hes also bedn found on the macrophage cell Pgsd,
Although twd mu-—class specific 1 3 N-Me-
*] morphi.

gands,
Phe*,Gly*~0l) \nkephalin (DAGO) and {N-MePhe? D-
ceptin (PLOL?)
(whereas f-endodphin enhances), both compounds
suppressed mitogdp-induced antibody production
ELISA. Collectively, the data underscore
role opioids mey biyve in immune bomeostasis.

2043
FURTHERSTUDIES ON {L-.1 BETA INDUCED CENTRAL
NERVOUS SYSTEM DYS ON. James A/ Martine i
H0CY SRULh aud L S ns} ollege of Medicine,
Bronx, 10461,

Previous results from this lab Aave shown that intraocular injection of

IL-1bin the rabbit results in a rkversible dglay in conduction that is

vascular permeability and it's effect ‘on the/ ionic milieu of the retinal
titative ult

A Quan! Hies demonstrate an increase

In active rt, as defined - éc vEsicle pro that peaks at 3h
BIE Gecrensar by Sh: e pems ol vl 1 245 BLC Lt the hoighs of e
abserved conduction deficits, found between endothelial cells

tha* are associated with hemorrhage and privascular inflammation.
Staining for altered cation binding, 1\ the copper sulfate/potassium
fi lmde technique, demonstrates ingreaded reaction product associated

with the epiretinal vessels and the inner/plexiform layer. Redistribution of
feaction &rn(}quc is also observed at somte nodks of Kanvier adjacent to the
ting membrane. These ops rt our conclusion

internal

thatthe IL-1b-induced conduction Meficits
associated with the acute inflammatpry respo:
grant # NS11920,

n the rabbit reting are
Supported by USPHS

. » LQUR0. ANG K. AQHt
(SPON: N._Cahan). Univprsity of Rochester Medical Cenfyr, Rochester,
NY 14642,

Picking up and holding female, group-housed BALB/c mick for two min
and placing them in a Foiding cage for 0-4 min once/day foX two weeks
is associsted with decrgased responses 10 the T cell mitogen canavalin
A and suppressed prinfary and secondary humoral responses & the T cell
dependent antigen keyho emocyanin (KLH). Handing, does not
offect the -total .npmber of spleen celis or splenic lymphocyte
subpopulations  Hgndling results in significantly increased nufybers of
lung metastases foflowing the Iv Injection of 105 syngenelc line \ twmot
cells (derived frpm & spontsneous alveolar carcinoma) thit are
sensitive to lysis/by natural Nder (NK) celis but do not elicit a #§rong
T ceil-mediated fesponse. Surprisingly, handiing doss not alter spienic
NK cell activity/ln_viito, and in_vivo assays of the ciearance of 53Cr.
labelled line -1/ celis from ‘the lungs suggest enhanced NK activit\in
handied animals. Thus, the effect of handling on numbers of line\1
melasiases iy probably not due 10 decrensed NK cefl kitfing.

Interestingly, the numbers of metastases in handiec and unhandied
mice that were sympathectomized via injection of 6-hydroxydopamine
{6-OHDA) fiid not ditfer from each other butl were significantly elevated
reiative tf vehicie-injected handied and unhandled animals. Further,
6-OHDA freatmant, fike handling, resulied in snhanced jn yiva clearance
of fine 1/ celis. " These dats suggest that the handling effect is' not the
result of & sympathetic nervous -system responss 1 stimull associaled
with handling manipulation.
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TRANSCRIPTIONAL REGULATORY EVENTS IN T AND B CELL
A1934 DIFFERENTIATION 11 (1397-1402) TUESDAY AM

A SET O HUMAN LYMPHOCYTE PUTATIVE G0/Gi SWITQH GENES
ES ENCODING HOMOLOGS OF RODENT MNC FINGER

1985, EMBOJ 4.3145). &
screening of rodent fibrod! duded genes encoding zinc finger
proteins, oncogenes, hormond ¢ cyrokises (Rollins & Stiles.1989
.1989.Adv.Canc.Res.53,1). The Qf gofies identificd by screening human

M other. Thus, it appears that

g 2 P! ytokine, i one of
n genome (M23178,M2411G) which hyB¥gize with GOS19-
As have been identified in other human tyyh

three genes in the hu!
1 cDNA. 1dentical D)

e FASER S, 47 A1A24 1990,

REGULATION OF THY-1 mRNA BY cAMP IN MURINE
LYMPHOCYTES. S.A. Lancaster and D.A. Chambers. Center for
Research in Periodontal Diseases and Oral Molecular Biology and
Dept. of Biological Chemistry, University of Iilinois, Chicago, IL
60612, ,

Thy-1 is a major glycoprotein expressed on the surfaces of murine T
lymphocytes, most neurons, and fibroblasts. Expression ¢f Thy-1 is
regulated during differentiation, and Thy-1 might be involved in T cell
proliferation and cell-cell recognition. Treatment of thymocytes with
cAMP (5x10°M) decreases expression of Thy-1 cell-surfact protein.
The effects of dibutyryl cAMP (5x10°M) on Thy-1 mRNA levels in
BALB/c murine thymocytes and in S49 cells (a BALB/c-derived
lymphoma line) were investigated. RNA was extracted with
guanidinium thiocyanate, isolated by sedimentation through CsCl, and
purified by ethanol precipitations. Northern analysis was performed
on the samples. Blots were hybridized with a *P-labeled Pst |
fragment of a BALB/c genomic Thy-1.2 clone. Treatment of murine
thymocytes or S49 celis with dibutyryl cAMP Jed to a decrease in
cellular Thy-1 mRNA levels with no significant effect on levels of total
RNA. In 5§49 cells, cellutar Thy-1 mRNA levels decreased significantly
after treatment for only 1-2 hours with dibutyryl cAMP. These results
suggest that regulation of Thy-l mRNA may involve cAMP.
(Supported by ONR N00179.)

1401
[HE PROMOYER STRUCTURE OF THE HUMAN ICAM-2 GENE
W.Golde, WD bara Davis Inst. for

Diabetes, Box 140,4200 E. Ninth St., Deavey/ CO, 80262 and Dept of
Chem. and Biochesh,, Box 215, U. Colo., Pbulder, 0O 80309,

We have anal, pfucture of the gene for human
intercellular adhesion mol -2). Using primer extension
analysis of cytoplasmic RN from thy'humar. T cell leukemia line, Jurkat,
we have identified the start s for gRNA transcription at approximately
105bp upstream of the transtationa? strart. Thirty base pairs 5" of the

putave transcription start is an dyfpical TATA box. Another sixty base
pairs §' of the TATA tox is a pofetial binding site for the gencral
transcription factor, Sp1. We sfe prigently doing DNAse | footprint
analysis to confirm these sitef are bodnd by the appropriate transcription
factors as well as identify ofher sites fd¢ DNA binding proteins.

- The primer extengion analysis of cytoplasmic RNA also shows that
Jurkat consntutively exghesses ICAM-2 mRNA whereas & second T cell
leukemia line, CEM, iy negative for ICAM-AmRNA. These results were
confirmed by northerpi blotting of the same RNA preparations Upon
induction of these cefl lines to IL-2 secretion bAPHA/PMA, ICAM-2
mRNA can now befletected in CEM. We are anilyzing this furthe: by
preparing nuclear ¢xtracts from both cell lines befoge and afier induction to
test whether thesy/ preparations wiil have different fdptprints on the
promoter under fhese dafferent conditions and whethdk the activity of these
extracts in in vifro transcription assays is altered.

Y

1398
REGULATION OF THE y CHAIN OF THE T-CELL ANTIGEN RECEPTOR

oancar DM Qldman .. HSIANG H. Baulel, D.H, Dept. d
Biylogy. Center for Cancer Research, M.L.T., Cambridge, MA. 02139
cells express either of two antigen receplor types: one compriged
of al o and B chain, the other a yand § chain. This exclusion occuryd a1
least\partly at the level of transcription; y/5 cells express né o
transcyipts and only truncated P transcripts, similarly the rfajor
class ON\ygenes is not expressed in awp calls (the 3 gene lies withn the
« locus nd is deleted). To elucidate the molecular events that gontrol
these TCR genes’ rearrangement and expression, we have locflized a
strong, T-dell specific enhancer within a 450 bp fragment 3'fof Cyi, :
This enhakcer ssquence shared several similarities withfthe Cqo =
enhancer dpd other previously desciibed trans-ac:'vatigg tactor
binding motity, CAT assays of transient transfectants have ghown that
this enhancer\s not active solely in y5-expressing T cell liges, but is
very active in a\least one e T-cell line. As the endogenogs y-gene is
hot normally exjyessed in af T-cells, other regulatory elgments may
exist. In line Wth this prediction, at least two distifict negative 2
regulatory elemerRs have been identified in sequencey flanking the ¥
enhancer which ne}rly eliminate the enhancer activity Jh a/p but not
8 T-cells. These plements may participate in the gommitment or
maintenace of the differentiated T-cell phenotype. Jo explore this
possibility, T cell sultype-specific nuclear factors tfat interact with
the enhancer and Y{egative regulatory elemghts are being
characterized. (Supporte} by the NIH and an NSF Felowship 1o DMS.)

ey

TSt e 7
¥

= 2

1400

CLONING OF A LYMPHOID-SPECIFIC NUCLEAR FACTOR THAT
BINDS A MURINE RETROVIRAL PROMQIER .

Bryner, B, Graves (SPON: R\ Schackmang). Univ. of Utah, Salt Lake
Caty, UT 84132,

Our objective. is to characterize lylphoid trafiscription factors by identifying
g_roteins that regulate transcripjjon of Jeukemic murine retroviruses.

ranscniption control elements of Moloney MSV LTR that funcuon in T.
lymphocytes have been mapped §y delgtion mutagenesis and transient
expression assays in ELA cells. Calj\thymus nuclear exaacts were screened
for DNA binding activitics specific tdthe MSV promoter element. We have
identified one binding activity, termeéd lymphoid nuclear factor 1 (LNFI),
whose DNascl footprint spans a 20-30 bp region of the MSV LTR promoter,
Methylation and ethylation interferencdfdata mapped LNF1's binding site to
specific LTR nucleotide pairs. Basgubstitution at these most critical
positions generated a mutant LTR pgodhoter that lacks the ability to bind
LNFl. In transient expression assays if\ ELA cells, this mutant promoter
transcribes a reporter gene 20X le iciently than a wild-type promoter.
We conclude that the LNF1 binding/site is'y positive control element of the
MSV LTR. Th: LNF] binding sijt has bden used as a scquence-specific
DNA probe for screening a mousy/thymus ADNA expression library, One
¢DNA clone that binds the probe hits been isojated. Southwester blots have
identified a 30kD polypeptide egcoded by the cDNA that binds an LNF1
binding site and does not bind & mutant 1 site. In Northern blot
analys:s, high leve. s of mRNA yith homology Yo the cDNA sequences were
detected only in lymphoid tisfues, Deletion fnutagenesis of the thymus
cDNA clone is underway in anfeffort to map the PNA binding domain of the
encoded golypeptide. {Suppprted by NIH-CAQ9602, MOD#5-676, NIH-
GM38663.)

1402

HORMONAL INFLUENCE PN CELL SURFACE ANTIGEN EXPRESSION OF
MURINE, SPLEEN CELL{. H. Rataiczak, R. Lance,\P. Thomas, K.

Heeen, J, Wu and P} Halberg. IIT Res, Inst., \Chicago, IL h ?‘
60616, U IL, Chicggo, IL 60612 and U MN, Minnelpolis, MN 55455.

The circadianf thyths of splenic cell surfack antigens and 2
serun levels of forticosterone and estradiol werg studied in 3’;%
female C3HeB/FeJ mice, Mice were placed in 1 of\6 boxes with 4
lights on 12/24 hr and onset of light in each box staggered b
by 4 hr, Aftef acclimatization for 21 d, mice wene anesthe- o
tized with COZ, exsanguinated, and spleens removed ssceptically. - ¥,
Hormones werefevalusted ifi serum by radioimmune asdpy. Mono- -2
clonal antisgra conjugated to fluorescein isothiccylnate were ;"5
used to detefmine Thy 1.2, Lyt-2, L3T4 and immunoglopulinm, 3
defined by filow cytometry with an Epics V fluorescen activsted g
cell sorterf Significant circadian rhythms were founy for 3
each cell afirface antigen and for corticosterone, Conrelations £
were significant for corticosterone levels and B cells\and R ;:
estradiol./ In s separate experiment, mice were depletéd of 3
adrenals gr ovaries and corticosterone or estradiol injicted, }1
respectiyely, Adrenalectomy or ovariectomy resulted in Yec 4
creased £ Thy 1,2-bearing cells and decressed numbers of\B 2

cells, en adrenslectomized mice were reconstituted wig
corticopterone, X Thy 1.2~bearing cells and absolute numbjrs
B celly were returned to normal.
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ANTITUMOR BPFECTOR CELLS:
MONDAY AM

PROPERTIES, REGULATION AND
ACTIVATION (1558-1562) A833

558

HE AEDISTRIBUTION OF TUMOR lNFIL‘TRAﬂNG LYMPHOCYTES IN MIC
FOLLOWING ADOPTIVE IMMUNOTHERAPY

L0, Pamer', P X, Wallace? XA Murheag* P K, Horan'
and JC, Yang?

is Coll Science,!nc. Maivern, PA 19355

Sranch, National Cancer Institute, NiH Bahesds, MO 20892
muring models and in human patlents wah metastatic

coupled 1o 3 red fyorc , but PKHOS an wodine atom
od with radloactive isotopes for tracking ofimaging. PKH26 18

PKHI5 have not shown signdicant dit
ic stfector function assoctated with labetlig Adopuva transfer of
munno T‘ll. sxairod ether 20 xM PKH26 or 5 xM PKHIS were able lo mediate
ragression of 3 to kday-old pumonary metastases at fimdar cell numbers as
unstained TIL.  After egtabiishing that PKH28 and PKH95 gb nat adversely affect TIL
function, we tised t ompounds in TIL tralficking experfnents We have been able
10 detect PKH28 stained\calls :n fung and liver, by flow mitroflucrmetry, up 1o 6 days
after adoptive transier anif have been abie to detect '*1.§KHSS labelled TIL in several
ofgans at 7 days post Inj Other experments aximining etfects of modutation
of tratficking on TIL efficacy are in progress.

1560

EFFECTOFSYNTHETIC
!L-l AND TNF PRODUCT!ONS.

WHATIDYLCHOLINE (ALP) ON

Broquet, I M. Mencia-

Institut Henn Bau(our. 1 av. des Tiopiques, 91952 Les Ulis, France.

The 1p vitro modulation of mouse afd dyinan monocyte-macrophages by AL?
ne was pretreated with 16 pg/ml of
vanous ALP, 5 FU, CIS or ARA-C fo b, washed and then incubated wath
1 pyml LPS, the release of [L-1 was inkreased (Table).

e G

well, the TNF activity released

BN 52205 2 LPS-stimulated buman
BN S207 €3 was increased in 3 bdell
BN $2210 3% shapk fashion with a maxmal effect
BN S2211 76 % %, 2,895 %) when the cells
BN S2215 3% were \acubated for 24 h in the

, respectively, The present

* p QoS pcaoo]

1562

AXTIPROLIFERATIVE £1F¢
(R:OVTAR-3) 2

OF INTERLEUKIN-T O MUWAN QVARIAN INOMA  CELL LINE

(SPOM:M, €, Gately). NotfmemeLatoche, Mutl
rian carcinoms cell Line, NIN:OVCAR-3, posses.

frdicate o dts.
spproxieataly 7, receptors/cell.
bets end internalfize 11, Astf-seaimsl Inhibition of niN:OVCAR-S coll
13 observed wifh 2:3 U/el of (L-1 slphs o¢ L) beta, A seximsl eYfect (30X
fraibition of
L) for 3
antsgonlst {I5-108). LIGRT and electron alcroscopy studles show thet L3
thologic changes In cells ond 3 reaxtion In the rumber of
tigures in JIN:OVEAR-S. (L-1 stimutates 26y release by NINIOVEAR-S cells,
resporse i uwelsted to the antiproliferstive etfect of fLet, [nferferon-a
A) atso irnibits Jrowth of NIN:OVCAR:S cells in & concentration-
sarver, fCompination of (Su-alpha A and (L= gives a synergistic frniditi
=3 celt proliferation. 1L-1 stone or In combingtion with (FN-slphe
(s sy 3¢ usetul for treatment of Musen avacian cencer,

130 harvestad from aice and
h{ 2esponder lymphocytes(ixi0t/

vere effective in
could be frozen yitho .
furtherare, i . tim ic
stioulation

FASED . 5. A3 199y

CATECHOLAMINE SUPPRESSION OF THE IN VITRQ
GENERATION OF ANTI~MOPC-~3135 SYNGENEIC PLASMACYTOMA
CYTOTOXIQITY. =
* , Univ.

of Illinois at Chicago, and Univ. of Chicagowr,

Several immune responses are suppressed by
stress-ralated molecules. The effects of these
nolecules on the immune response to syngeneic tumor
cells was the focus of this study. BALB/C mouse
sSpleen cells were cultured with stress-related
molecules and nitomycin-C-treated MOPC-315
syngeneic plasmacytoma tumor cells for 3-5 days
followed by assessment of anti-MOPC-315 cytotoxic
activity. The generation of this cytotoxic
activity was inhibited (50-90%) when norepinephrine
{NE), iscproterenol (ISO) or epinephrine (10-100uM)
wag added 0-2 days after culture initiation.
Dopamine and catechol but not serotonin or
carbachol were also inhibitory. This inhibition
was mimicked by OBcAMP, a second messenger analog,
when added 0-4 days after culture initiation.
Thus, catacholamines may supprass the generation of
cytotoxicity against syngeneic tumor cells via a
CAMP mediated mechanism. This suppression suggests
that stress-relatad molecules may participate in
requlation of anti-tumor defense mechanisms.
(Supported by ONR N00179)
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Cook-Mills, J.M., Munshi, H.G., Perlman, R.L. and Chambers, D.A. (1991) Mouse Hepatitis
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